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Introduction
Intraperiventricular hemorrhage (IVH-PVH) is the most
common variety of neonatal intracranial hemorrhage
(ICH). The incidence of IVH-PVH is estimated to be
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SUMMARY
Objective: Neonatal intracranial hemorrhage (ICH) has been estimated to be high in premature infants, occur-
ring in approximately 40% of infants of less than 32 weeks’ gestation. However, the true incidence of ICH in utero
has not been determined. We present our experience with four cases of fetal ICH (fetal stroke), which was
detected prenatally by ultrasonography (US).
Materials and Methods: Four cases of fetal ICH were identified over a 2-year period at the prenatal unit of
Taichung Veterans General Hospital, Taiwan. Prenatal and neonatal sonograms, computed tomography (CT)
scan or magnetic resonance imaging (MRI), medical records, and the clinical course were assessed retrospec-
tively. In each case, a series of initial and follow-up obstetric sonograms were available. Fetal stroke was recog-
nized by several sonographic features: irregular echogenic brain mass, intraventricular echogenic foci or
periventricular echodensities; ventriculomegaly; and posthemorrhagic hydrocephalus (PHH). A detailed investi-
gation for possible etiology of fetal ICH was performed in all cases.
Results: Transabdominal US showed hyperechoic lesions in the lateral ventricle and ventriculomegaly in three of
the four fetuses, and a massive intraparenchymal hemorrhage in the remaining one. Three fetuses were born vagi-
nally and one by cesarean section due to an enlarged head circumference. Abnormal nonstress tests and abnor-
mal flow velocity waveforms in the umbilical and middle cerebral arteries were present in two cases. Intrapartum
fetal death and neonatal death occurred in the first two cases associated with maternal preeclampsia at 31 and
27 weeks, respectively. In the remaining two infants, the one in case 3 underwent ventriculoperitoneal shunting,
which developed normally at the age of 18 months. The other infant in case 4 had PHH after suspicious
choroids plexus hemorrhage, and the detailed information regarding the cause of neonatal death was not 
available.
Conclusion: This small series demonstrate that an antenatal diagnosis of fetal stroke with intraventricular hem-
orrhage Grades III and IV or with brain parenchymal involvement appears to be associated with poor neurologic
outcome. Due to the significant neonatal neurologic impairment and potential medicolegal implications of
antepartum fetal ICH, it follows that obstetricians and sonographers should be familiar with predisposing fac-
tors and typical diagnostic imaging findings of rare in utero ICH events. [Taiwanese J Obstet Gynecol 2006;
45(2):135–141]
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high in premature infants, occurring in approximately
25–45% of less than 32 weeks’ gestation or with a birth
weight of less than 1,500 g [1,2]. Although the antenatal
detection of fetal ICH has become possible in the recent
two decades, the actual incidence of in utero fetal ICH
has not been determined. Vergani et al [3] reported
that the incidence of fetal ICH was about 0.9/1,000 in
a referral center, which might be overestimated in gen-
eral populations. To provide a better understanding of
in utero ultrasonographic diagnosis, the pathophysio-
logic situation involved in fetal ICH, and its clinical impli-
cations, we present our experience with four fetuses in
whom fetal ICH was detected prenatally by ultrasono-
graphy (US), and call for an increased awareness of the
potential medicolegal implications of antepartum fetal
ICH because of the significant neonatal neurologic
impairment.
Case Reports
Case 1
A 27-year-old woman, gravida 1, para 0, was referred
for a detailed anomaly scan because the routine scan
had shown suspected fetal brain anomaly at 31 weeks’
gestation. She had an unremarkable past medical, family,
and obstetric history. Current pregnancy was unevent-
ful until 30 weeks’ gestation when she first noted irreg-
ular uterine contractions, mild vaginal bleeding and
decreased fetal movement. She had received tocolytic
treatment for several days due to threatened preterm
labor at a local hospital before referral. Initial physical
examination revealed a blood pressure of 160/110
mmHg, pitting edema of both lower extremities, uterine
tenderness, and a closed cervix with only a minimal
amount of old blood clots in the vagina. Maternal serum
level of human chorionic gonadotropin (-hCG) was
185,050 mIU/mL (> 15 MOM), -fetoprotein 180 ng/
mL (0.8 MOM), electrolytes were normal, alanine trans-
aminase (ALT) 19 U/L, uric acid 10 mg/dL, creatinine
1.1 mg/dL, 24-hour urine protein 3.75 g, hematocrit
27%, hemoglobin 9.0 g/dL, platelet count 204,000/
mm3, and the clotting studies were also normal. Elec-
tronic fetal heart rate (FHR) monitoring revealed FHR
of 140–150 bpm with smooth baseline variability. With
contractions, there were late decelerations dropping to
90 bpm (Figure 1A). A detailed ultrasound examination
showed a biparietal diameter of 8.4 cm (34 weeks), head
circumference of 30.5 cm (34 weeks), abdominal cir-
cumference of 26.5 cm (31 weeks), and femur length of
5.7 cm (30 weeks). There was a large irregular echo-
genic mass measuring 64.83.8 cm occupying the
major portion of the left cerebral hemisphere (Figure 1B).
The left hemisphere and falx were displaced toward the
right; and the left lateral ventricles were dilated. Color
Doppler ultrasound (Acuson 128 XP, Mountain View,
CA, USA) showed a prominent right middle cerebral
artery (MCA) and decreased blood flow to the affected
hemisphere. Initial Doppler flow velocimetry of the right
MCA demonstrated an increased resistance pattern of 
a systolic/diastolic (S/D) ratio of 4.54 (upper panel of
Figure 1C), and an abnormally high resistance pattern
with absent end-diastolic flow on the following day
(middle panel of Figure 1C). Initial Doppler velocimetry
studies of the umbilical artery showed a S/D ratio of
4.0, 7.0 on the following day, and the terminal brady-
cardia tracing was detected on the 3rd day by pulsed
Doppler gate placed through the atrioventricular valve
(lower panel of Figure 1C). Additionally, a well-defined
subchorionic hematoma measuring 13.310.76.2 cm
with complex echogenicity pattern was identified near
the placental edge (Figure 1D). Strong fetal hiccup move-
ment was observed on initial scan, but thereafter, fetal
movements were absent during the entire examination
period, which was thought to be consistent with quadri-
plegia, attributed to an elevated intracranial pressure as
reflected by Doppler flow velocimetry.
Severe preeclampsia complicated with acute onset of
abruptio placentae, fetal ICH, and intrauterine fetal
death was diagnosed. Labor was induced with prosta-
glandin E2 vaginal tablet and pitocin infusion. She
delivered a fresh stillborn male infant weighing 1,490 g.
Autopsy confirmed the prenatal diagnosis of abruptio
placentae and fetal ICH, and no other abnormalities
were detected.
Case 2
A 36-year-old woman, gravida 3, para 2, first presented
at 20 weeks’ gestation with a significant medical history
of chronic hypertension and an obstetric history of pre-
vious cesarean section due to severe preeclampsia. On
admission, her blood pressure was elevated at 150/110
mmHg. She had received antihypertension treatment.
Her pregnancy was uncomplicated until 25 weeks’ ges-
tation when an ultrasound examination revealed an
echogenic mass measuring 432 cm in the right ven-
tricle (Figure 2A) and the presence of right ventricu-
lomegaly. Cranial Doppler flow velocimetry of the MCA
revealed an abnormally high resistance pattern with a
S/D ratio of 7.5. Fetal monitoring showed minimal base-
line variability with mild variable decelerations. A male
fetus weighing 780 g was born by repeated cesarean
section due to superimposed severe preeclampsia. Apgar
scores were 3 and 6 at 1 and 5 minutes, respectively.
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Umbilical cord pH was 7.18, and PO2 was 12 mmHg.
The fetus died 5 hours after birth. Postnatal CT scan
(Figure 2B) and autopsy (Figure 2C) confirmed the
prenatal diagnosis. The additional pathologic finding
was agenesis of the corpus callosum.
Case 3
A 25-year-old primigravida was first seen at 27 weeks’
gestation with an unremarkable medical, family, and
obstetric history. Initial ultrasound scan showed a twin
pregnancy with fetal biometry compatible with 27 gesta-
tional weeks. Her pregnancy was uneventful until 36
weeks’ gestation when follow-up scan revealed two echo-
genic blood clots in the dependent portion of the left 
lateral ventricle, and marked dilatation of the whole 
ventricular system in one of the twins (Twin B) (Figure
3A). Doppler flow velocimetry of the MCA disclosed 
an increased resistance pattern with a S/D ratio of 4.8.
The affected twin, weighing 2,360 g, was delivered by
cesarean section due to breech presentation with an
enlarged BPD of 10.2 cm. Apgar scores were 8 and 9 at 
1 and 5 minutes, respectively. Postnatal MRI demonstra-
ted ventriculomegaly and blood clots within the left lat-
eral ventricle (Figure 3B). Ventriculoperitoneal shunt was
inserted on the 3rd day after delivery. At the age of 20
months the infant has shown normal development.
Case 4
A 26-year-old primigravida first presented at 29 weeks’
gestation. She had no significant medical, family, or
obstetric history. Ultrasonography examination revealed
a single live fetus with fetal biometry compatible with
29 gestational weeks. Follow-up scan at 34 weeks’ ges-
tation revealed ventriculomegaly with an echogenic mass
adherent to the left choroid plexus, which was larger
with irregular shape (Figure 4A). Our pediatric col-
leagues interpreted the ultrasonographic finding as a
probable choroidal hemorrhage. The fetus was assessed
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Figure 1. (A) Smooth baseline variability and late decelerations of fetal heart rate tracing. (B) Transabdominal axial 
scan showing a massive hyperechogenic mass (arrows) in the brain parenchyma. (C) Duplex Doppler flow velocimetry of 
the middle cerebral artery showing increased resistance to flow (upper panel), absence of end-diastolic flow (middle panel),
and terminal bradycardia (pulsed Doppler waveforms across the mitral valve, lower panel). (D) Ultrasonographic demon-
stration of massive placental abruption with adherent blood clot. Hhematoma; MCAmiddle cerebral artery; PL
placenta.
with a biophysical profile (BPP) examination, which
revealed that the NST was reactive and the BPP score
was 10.
The patient had extensive counseling regarding the
implications of the in utero sonographic findings and
the management options. We suggested that the preg-
nancy be allowed to continue in view of the probable
complications related to prematurity. Unfortunately, the
patient was lost to follow-up after counseling. During a
telephone conversation with her mother, however,
detailed information regarding the cause of neonatal
death was not provided.
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Figure 3. Correlation between antenatal ultrasonography and postnatal MRI cranial scan in case 3. (A) Transabdominal axial
scan showing the presence of ventriculomegaly with a larger and a smaller blood clots (arrows) in the dependent portion 
of the left lateral ventricle. (B) Coronal scan after birth at 38 weeks of gestation shows left-to-right shift of midline structures,
and ventriculomegaly and blood clots within the left lateral ventricle.
10
0
.0R
9.8A
4.1H
Twin 36 weeks
Grade III IVH
A&W after VPS
BA
A
M
C
M
B
Figure 2. (A) Transabdominal axial scan showing a large
echogenic mass (arrows) filling the entire lateral ventricle. (B)
Postnatal CT demonstrating a large blood clot within the right
lateral ventricle. (C) Grade III IVH was confirmed by autopsy.
Hhematoma; ICA internal carotid artery; Mmass;
MCAmiddle cerebral artery.
Discussion
A review of the literature reveals numerous reports of
ICH diagnosed by CT and US in infants. Nowadays,
with US, the rate of ICH has been estimated as 25–60%
in infants of less than 33 weeks’ gestation or with a
birth weight of less than 1,500 g, and with a prepon-
derance of Grades I and II [1]. In contrast to numerous
ICH studies performed in the neonatal period, Kim
and Elyaderani [4] first described the prenatal diagno-
sis of fetal ICH in 1982. A careful review of the English-
language literature in Medline, Index Medicus, and
other bibliography reveals less than 150 cases (includ-
ing ours) of fetal ICH diagnosed by prenatal US in the
recent two decades [5,13].
Prenatal US is a good tool for diagnosing fetal ICH.
Various ultrasonographic manifestations of fetal ICH
have been recognized as a result of variations in loca-
tion, extension and volume of bleeding, and internal
echo pattern depending on the formation and lysis 
of the blood clots, and therefore, prenatal diagnosis is
often challenging. The ultrasonographic features of
fetal ICH changes over time in an orderly fashion and
could be arbitrarily divided into four phases: (i) the fresh
hemorrhagic phase, in which intraventricular blood is
hyperechoic and a continuous cast-like pattern of
increased echogenicity replaces the usually echo-free
lateral ventricles and, with time, may result in hydro-
cephalus; (ii) the liquefying phase, with the presence
of a mass having complex heterogeneous echogenicity
(an external echogenic lining and an internal echolu-
cent core); (iii) the complete liquefaction phase with a
cystic hypoechoic mass; and (iv) the complete resolu-
tion phase with the appearance of a normal brain
structure as clots disappear and ventriculomegaly
resolves [5]. The time documented for the develop-
ment of each phase was 3–8 days for phase 1, 3–8 days
for phase 2, 7–28 days for phase 3, and 7–105 days for
phase 4 [5].
Prenatal diagnosis of fetal ICH was always con-
firmed except for the case with ventriculomegaly 
that underwent spontaneous intrauterine resolution.
Because of the changing ultrasonographic manifesta-
tions with the natural evolution of ICH, several entities
should be considered in the differential diagnosis. It is
most important to note that fetal ICH usually remains
stable in size or enlarges slightly during the first few
days and then starts to shrink after about 2 weeks, and
it shows regression and changing echogenicity pattern
on follow-up examination with increasing gestation. In
contrast, a fetal brain tumor will show no such change,
and tends to remain more echogenic than a hemor-
rhage, and remains stable or increases in size during the
follow-up scan.
In most cases, the ultrasonographic abnormalities
were detected between 26 and 33 weeks of gestation.
However, fetal ICH can be detected as early as 20
weeks’ gestational age [9]. The vascular connections
between the germinal matrix and the subependymal
venous network, which are the bleeding sites in IVH,
are clearly present only after 20 weeks of gestation,
and it involutes at approximately 34 weeks of gesta-
tion [3,9].
Recent reports have suggested Doppler flow veloci-
metry and color Doppler study of the umbilical artery
and middle cerebral artery as additional tools in detect-
ing fetal ICH [6,7]. Sibony et al in 1993 [8] first reported
the relationship of an ICH and an abnormal cerebral
Doppler study, associated with severe preeclampsia lead-
ing to intrauterine fetal death. Abnormal flow velocity
waveforms with severe resistance to flow in the umbilical
and middle cerebral arteries were present in three cases.
Our Doppler velocimetry studies have shown that the
intracerebral circulation is not spared from the resultant
sequels of fetal ICH. It is obvious from the serial-pulsed
Doppler studies that this raised intracranial pressure
impairs cerebral blood flow. Our observation suggests
that severe resistance to cerebral blood flow is the result
of ICH, rather than the etiology of ICH. Active hemor-
rhage may be associated with fetal distress mani-
fested by FHR changes. The tracing of FHR is mostly
nonreactive, as in our first two cases with the most
ominous pattern of smooth baseline variability and
late decelerations, but it may be of sinusoidal pattern 
in severely anemic fetus [10]. The most ominous
hemodynamic changes are reversed flow in both the
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Figure 4. Transabdominal section of the fetal head at the
level of the bodies of the lateral ventricle, showing ventricu-
lomegaly with echogenic mass (arrows) adherent to the left
choroid plexus, which was larger and irregular in shape.
CPchoroid plexus.
umbilical and middle cerebral arteries before fetal
death.
Antenatal fetal ICH may occur spontaneously, or in
association with various maternal or fetal conditions.
Ghi et al [5] reported the predisposing factors iden-
tified in 44% (48/109). These risk factors include pre-
eclampsia, abruptio placentae, twin-to-twin transfusion
syndrome (TTTS), demise of a co-twin, severe fetal growth
restriction, alloimmune thrombocytopenia, fetomater-
nal hemorrhage, severe abdominal trauma, coagula-
tion disorders, and congenital infections [2,3,5]. In our
small series, the first two cases were associated with
maternal preeclampsia. In case 3, it was more difficult
to explain the pathology of the ICH in the discordant
twin growth in utero (affected twin 2,360 g vs. healthy
twin 2,770 g at 38 weeks of gestation) because there
was no solid evidence of TTTS. In case 4, ICH appeared
to originate in the choroid plexus, which is sometimes
difficult to distinguish between the two types of IVH/
PVH and choroid plexus hemorrhage. On the basis of
our small series, we speculate that the sudden changes
in cerebral blood pressure as well as the resultant peri-
natal asphyxia due to abruptio placentae may lead 
to rupturing of the fragile premature capillary bed or
capillary–venous junction of the germinal matrix in
these two preeclampsia cases [12]. Therefore, we dis-
agree with the view that the intrauterine environment
protects the fetus from sudden changes in maternal
blood pressure [3].
An antenatal sonographic diagnosis of fetal stroke
with IVH Grades III and IV or with brain parenchymal
involvement appears to be associated with poor neu-
rologic outcome [13]. Due to the significant neurologic
impairment after birth, obstetricians and sonographers
should keep in mind the various changing manifesta-
tions of ultrasonographic findings of ICH. When fetal
ICH is diagnosed, parental counseling, etiologic evalu-
ation, and appropriate management are required. The
mode of delivery is not related to neonatal ICH. Shaver
et al [14] reported that the overall incidence of IVH
was similar between vaginal and cesarean deliveries
(41% and 44%, respectively) in the preterm infants. The
optimal mode of delivery of a fetus with prenatal ultra-
sonographic diagnosis of ICH is uncertain. Severe ICH
lesions usually have a poor prognosis and conservative
management may be offered to the couples. There are
no data to indicate that a cesarean delivery may ame-
liorate the outcome of those infants with less severe
lesions [5]. Therefore, cesarean delivery should be
reserved for obstetric indications only.
The medicolegal significance of the prenatal diagno-
sis of fetal ICH should not be overlooked. The present
study demonstrates that tragic ICH events occurring
during fetal life can result in severe brain damage, which
may influence subsequent neurologic performance.
Thus, not all cases of central nervous system damage
in neonates are caused by labor management or deliv-
ery, and attempts to attribute poor postnatal neuro-
logic deficit only to obstetric malpractice during labor is
not justified [15]. However, the birth attendant may
become a scapegoat: “One who bears the blame for
postnatal poor neurologic outcome because of the
unrecognized in utero event of ICH” if accurate diagnosis
of fetal ICH was not made in advance before labor or
delivery by prenatal ultrasonography.
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